Preventive orthodontics is an aspect of pediatric dentistry, which requires a unique set of skills and understanding to aid the patient's treatment and properly align teeth. The safest way to prevent future malocclusions from tooth loss is to place a space maintainer (SM), which is advocated to hold the space until the eruption of permanent teeth. SM manufacturing is a laborious process that requires ample communication with the laboratory to properly complete and provide the patient with optimal results. Band and loop SM is mostly indicated for the premature loss of single primary molar, but this appliance has a number of limitations. Digital technology has resulted in decreasing human errors by automating the dental model fabricating process with three-dimensional printing. The current paper provides an insight of the use of this new technology in pediatric dentistry for manufacturing two types of SMs and a case report.
Introduction
The primary dentition plays a pivotal role in the child's growth as well as development. This targets toward not only in terms of speech, chewing, appearance, and the prevention of bad habits, but also in the guidance and eruption of permanent teeth. [1] Exfoliation of primary teeth for eruption of the formed permanent teeth beneath is a normal physiological process. When this process is disrupted, due to premature loss of primary teeth and proximal carious lesion, it may lead to mesial migration of following permanent teeth, resulting in malocclusion in the form of crowding, impaction of permanent teeth, and supraeruption of opposing teeth. The best way to avoid these problems is to preserve the primary teeth in the arch till their normal time of exfoliation is attained. Hence, it is rightly quoted that Case Report newer adhesive directly bonded splints, for example, glass fiber reinforced composite resins Ribbond and Everstick as fixed SMs. [5] [6] [7] Nevertheless, with these appliances, chances of polymerization shrinkage of the luting cement were not taken into consideration.
A new technology of three-dimensional (3D) printing also known as additive manufacturing or desktop fabrication has been recently introduced. It is a process of making 3D solid objects from a digital file. The digital 3D model is saved in STL format and then sent to the 3D printer where the layer by layer design of an entire 3D object is formed. This creation of the 3D-printed object is achieved using additive processes. Each of these layers can be observed as a thin sliced horizontal cross-section of the eventual object. [8] The present paper discusses about the use of this digital technology in manufacturing SMs. To the best of authors' knowledge, there is no evidence till date on the use of 3D printing for manufacturing a SM appliance in pediatric dentistry.
Design and fabrication procedure
Owing to no literature reports on the use of 3D printing in pediatric dentistry, initially, an ideal mixed dentition cast was poured of a standard dye, for a trial design of 3D-printed SM by digital scanning and designing. The cast was scanned using a 3D digital dental scanner (Medit T500, Medit Corp., Seongbuk-gu, South Korea) followed by the designing of the band and loop similar to the conventional SM, on the DentalCAD 2. 
Case Report
A 7-year-old male child reported to the Department of Dentistry with a chief complaint of pain in the lower left back region of the jaw for the past few days. Clinical examination revealed deep proximal caries with 74 and a fair oral hygiene (OHI-S score 2.4). An intraoral periapical radiovisiography X-ray was taken [ Figure 3a ], which revealed coronal radiolucency involving the enamel, dentine, pulp, and extending to the furcal region. It also revealed the root resorption with loss of two-third of the root length suggesting for extraction due to poor prognosis. Nolla's Stage 6 of erupting 34 was noticed. Informed consent was obtained from the patient's parents followed by extraction of tooth #74.
A study model of the mandibular arch was done and Tanaka Johnston mixed dentition space analysis was carried out which presented space deficit of 1.8 mm, hence indicating the need space maintenance. Based on this inference, it was decided to fabricate a band and loop SM using the most recent 3D printing technology.
Single-step rubber base impression was made using addition silicon and was poured to make a cast. The retrieved cast was sent to the 3D printing laboratory for scanning and printing a metal-based SM by the technique explained earlier [ Figure 3b and c]. The printed SM was tried in the patient's oral cavity and after confirming its adaptation, followed by cementation using glass ionomer cement (Type 2; GC Fuji; Tokyo, Japan) [ Figure 3d and e]. The patient was instructed not to eat or drink for 30 min and not to bite on any hard food. The patient was recalled after 3 months.
Discussion
Premature loss of primary teeth in children is still very common despite technological and scientific advances in dentistry and oral health prevention measures. [9] Maintenance of arch length during primary, mixed, and early permanent dentition after premature loss is of great significance for the normal development of future permanent occlusion. [10] Failure in maintaining the space may lead to the collapse of vertical and horizontal occlusal relationships in primary and permanent dentitions. Hence, it is very important to maintain the space present due to loss of primary tooth/teeth before normal physiologic exfoliation, until eruption of succeeding permanent dentition. [11] The use of SMs should be advocated, as it prevents dental movements and loss of perimeter helping in avoiding such complications. [12, 13] Various other disadvantages have been reported in the literature may lead to failure of the conventional appliance. [14] [15] [16] [17] The technology used in the current design of the SM was 3D printing, which involves the process of constructing a 3D solid object from a digital file. The whole process of taking impression of the patient, pouring cast, digitalizing it, designing the SM, and printing it by the help of 3D printer increases the precision of the appliance to the next level, minimizing human error. The extensive laboratory work, stabilizing the loop, and more importantly, soldering the loop on the band at two places and polishing, is also not required which saves time chair-side. Furthermore, the appliance is printed as one unit minimizing the breakage, thus reducing failure of the appliance. Compared to a conventional appliance, a 3D-printed model has a more complex structure with a higher level of detail.
The use of 3D printing and its advantages over conventional treatment procedure in dentistry has been reported in the literature. In oral surgery, it can be used for preparing surgical guides and conducting various blocks to augment bone defects, and for learning modules, to create the mandibles and jaws that can be easily showed to the students. [18, 19] The use of 3D printing technology has also gained popularity in dental implantology due to the introduction of guidelines of the surgical procedure to insert a dental implant. [20] 
Conclusion
Conventional band and loop has long been used for maintaining space, but certain disadvantages such as tendency for disintegration of cement and increased chairside and laboratory time make it a cumbersome procedure. The presented innovative digital design of 3D-printed SM is precise, quick, and easy. Development and perfection of 3D printing technology allow production of information in 3Ds with accuracy. There is a huge potential in the application of 3D printing for pediatric dentistry, yet to be explored.
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